INTRODUCTION
Acoustic-gravity waves upset the chemical equilibrium in the upper mesosphere, thus modulating the emission intensity of the hydroxyl (OH) nightglow. These waves are also responsible for fluctuations in kinetic temperature which, due to the high collision frequency in the mesosphere and the consequent maintenance of local thermodynamic equilibrium, can be measured in the rotational temperature of the OH emissions. A useful parameter was introduced by Krassovsky [1972] to relate the oscillation in intensity (61) to that in the rotational temperature (6T), and is given by rl =--(6I/Io)/(6T/T o) where a zero subscript refers to the undisturbed variable. This parameter was shown by to be a complex quantity depending on wave period, height of the OH emission layer, and the value of the atomic oxygen scale height. Measurements of the magnitude and phase of r/ have been made by Hecht et al. [1987] for gravity waves and by Sivjee et al., [1987] for a gravity wave and possibly also a semidiurnal pseudotide (a phenomenon discussed by Walterscheid et al. [1986] ).
A recent comprehensive model to describe fluctuations in the OH nightglow has been presented by . This model included -•----: .........
• ••Lt
• as • as the dynamics of acoustic-gravity waves, and importantly, the model was an Eulerian one. However, the dynamics used the most basic acoustic-gravity wave theory of Hines [1960] and took no account of either the Earth's rotation or of dissipation, effects Copyright 1988 by the American Geophysical Union.
Paper number 7A9188. 0148-0227/88/007A-9188505.00 which are likely to be important for some waves in the mesosphere (see, for example, papers by Ebel [1984] , Fritts [1984] , Walterscheid [1981] , and Weinstock [1984] , all of which describe dissipative effects on gravity wave dynamics in the mesosphere, and Smith et al. [1986] , whose observation of an inertiogravity wave demonstrated the importance of the Coriolis force on some gravity waves in the mesosphere). Note, however, that extended this model to include tidal dynamics by using the tidal equation and the equivalent depths of the various tidal modes, so that the Coriolis force was implicitly included in that particular analysis.
Here the model of is modified so that the dynamics include the effects of both eddy thermal conduction and viscosity as well as the Coriolis force, which is included using the shallow atmosphere approximation. The basic equations used to accomplish this along with the underlying assumptions, as well as the modified dispersion equation, can be found in the work by Hickey and Cole [1987] . Comparisons are performed both with and without these added effects (in various combinations) for the nominal case which was studied by Walterscheid et al. [1987] , which corresponds to an emission altitude of 83 km and a horizontal wavelength of 100 km. For this particular wavelength the results are found to be unaffected by the inclusion of the Coriolis force at any wave period and so are not included here, though the Coriolis terms are still retained in the equations.
THEORY
The theory and model formalism used here follows very closely that of , and so only the main features of this model will be described here. For completeness, however, most of their equations will be included. Table 2 Reaction 
The chemical reactions describing the production and loss

4O77
Here molecular oxygen and M(O 2 + N2) are assumed to be part of the background major gas. The reaction rates indicated in (1)-(5) are given in Table 1 . The continuity equation is used to determine the number density n of any of the minor species, each of which is assumed to have the same temperature T and velocity v as the background major gas. 
where co is the wave angular frequency and k,, is the horizontal wave number. Substitution of (7) into (6) then yields [1987] for an explanation of the validity of this). One of the effects of viscosity and thermal conduction is to dissipate wave energy, and hence at times they will be collectively termed "the effects of dissipation." Without loss of generality, phase propagation is assumed to be in the meridional (x) direction. The basic altitude dependence of wave variables appearing in (7) pation). A change in the phase of r/ due to the inclusion of dissipation is apparent at periods of 3000 s (50 min). At a period of 10,000 s (2.8 hours) the dissipationless value of the phase of r/leads that with dissipation included by more than 30 ø. In the long-period limit the phase of r/without dissipation is 34.7 ø , while that with dissipation is only 0.8 ø . It is clear that one of the effects of dissipation is to bring the OH intensity fluctuations more into phase with the temperature fluctuations. It is also apparent that the phase of r/is more sensitive to the inclusion of dissipation than is the magnitude of r/ at periods when the dissipation just begins to become important (i.e., periods of 3000-7000 s). Fritts [1984] .) At longer wave periods the waves are experiencing severe dissipation, and their amplitudes are thus decreasing with increasing altitude. It is quite obvious, then, that these longer-period waves must have already achieved their maximum amplitudes and that this must have occurred at the lower atmospheric levels where the dissipation rates are smaller. Because of this, the very longest period waves would not usually be easily discernable among the other waves which are present, so that one may be able to observe very large values of I•l (see Figure  6a ) only under extraordinary observing conditions. The generation efficiency of such waves by various sources is a subject not dealt with here but will quite obviously be a factor for any such wave observations also.
In the present study, results have been presented for a Prandtl number of 2 (Pr = lucp/2, where/• is the coefficient of viscosity, •. is the coefficient of thermal conduction, and % is the specific heat at constant pressure), but results to be presented elsewhere (M.P. Hickey, NASA contract report, in preparation, 1988) have investigated the consequences of increasing the Prandtl number to 10 either by increasing the eddy viscosity by a factor of 5 or by decreasing the eddy thermal conduction by a factor of 5. Increasing the eddy viscosity by a factor of 5 increases the total dissipation so that zero amplitude growth occurs for periods closer to 3000 s than the 4000 s in the Pr = 2 case, while I•l begins to depart from its dissipationless value at about the same period as in the Pr = 2 case and at the longest periods is reduced some 30% over its Pr --2 value. Decreasing the eddy thermal conduction by a factor of 5 decreases the total dissipation so that zero amplitude growth occurs for periods close to 4500 s (i.e., at periods greater than those for the Pr-2 case), while I•l begins to depart from its dissipationless value at longer periods (• 8000 s) than those for the Pr = 2 case (• 5000 s) and at the longest periods is reduced some 60% over its Pr = 2 value. The overall effects of increasing the Prandtl number from 2 to 10 are thus ( [Hickey, 1988] , but it is simply stated here that its inclusion is unlikely to be very important for horizontal wavelengths of 1000 km or more (bearing in mind that the inclusion of viscosity alone had no significant effect on the results). This implies that one cannot a priori preclude the effects of dissipation without first having some estimate of the horizontal wavelength. This could be achieved simply by using a system of three spaced spectrometers to make the OH observations or, as was done by Myrabo et al. [1987] , by also making observations of the Na layer using a lidar system in order to estimate the vertical wavelengths, from which limits on the horizontal wavelengths can be derived. find that the linear treatment of the fluctuation dynamics should remain valid for relative temperature fluctuations approaching 20%. With the inclusion of dissipation the relative density fluctuations of the minor species are very large at the longest of wave periods, and it would appear that then the linear treatment may not be valid. However, at these longest wave periods the dissipation will limit the magnitude of the temperature fluctuations so that a linear treatment may still be valid.
The effects of background winds have not been included here but have been discussed briefly by Hecht et al. [1987] . The winds will Doppler shift the wave frequencies, increasingly so for the waves of smaller horizontal phase trace speed (i.e., for long periods, short horizontal wavelengths). For such waves, observed values of r/will differ from model predictions so that at times the effect of winds may need to be included in the models, and the azimuth of phase propagation as well as the horizontal wavelengths will then need to be known. In the vicinity of a critical level the winds will cause a Doppler shifting of the wave frequency to a value close to zero, so that in this instance, large values of r/may be observed. Relative temperature perturbations associated with gravity waves increase in a small region just below a critical level [Bowman et al., 1980] , and because the values of r/ calculated here were normalized to the relative temperature perturbations, the relative intensity perturbations should also increase just below a critical level.
All of the foregoing theory has assumed the emission to occur at a single level in the atmosphere, whereas the emission layer is several kilometers thick. Thus interference between emissions from different levels will become important for those waves having vertical wavelengths less than or comparable to the thickness of the emitting layer, as demonstrated by Hines and Tarasick [-1987 ] and by G. Schubert and R. L. Walterscheid (Wave-driven fluctuations in OH nightglow from an extended source region, paper submitted to Journal of Geophysical Research, 1987). In particular, the study of Schubert and Walterscheid shows that for short vertical wavelengths, interference effects cause a large reduction in the airglow intensity, implying an observational bias toward those waves of larger vertical wavelength. Since the eddy dissipation included here is most important at the shorter vertical wavelengths (corresponding to the longer periods in Figure 6 ), the results presented here would be modified further by performing an integration over the whole emitting layer. Likewise, the results of Schubert and Walterscheid would be modified further by the inclusion of eddy dissipation because the effect of dissipation at short vertical wavelengths is to increase the vertical wavelengths over their nondissipative values, thus modifying the interference effects. Obviously, a complete theory must include all of these effects together in order that a useful comparison with observations can be performed. Nonetheless, as stated previously, the observations of R. Viereck (private communication, 1987) show similar characteristics in r/to those of the results presented here.
CONCLUSION
The model of Walterscheid et al. [1987] has been modified to include in the gravity wave dynamics the effects of dissipation due to eddy thermal conduction and viscosity as well as the Coriolis force by employing the shallow atmosphere approximation. For the nominal case considered here the Coriolis force was found to be unimportant at any wave period. The inclusion of the thermal conduction alone greatly modified the results at long wave periods, while the inclusion of the viscosity alone had a negligible effect at any period. However, when the viscosity was included in conjunction with the thermal conduction, the results were changed significantly from those which only included the thermal conduction.
The effect of dissipation is to bring the OH intensity fluctuations more into phase with the temperature fluctuation (i.e., decrease the phase of r/) and to increase the magnitude of the intensity fluctuations relative to the temperature fluctuations (i.e., increase Ifil). The phase of r/appears to be more sensitive to the inclusion of dissipation than is the magnitude of r/ at periods when the dissipation just begins to become important.
The wave dissipation was found to be the most severe at the very longest of wave periods, which in the real atmosphere will place an observational constraint on such waves. These waves, with their associated very high values of Iol, are unlikely to be often observed. However, as the wave periods are decreased (l•l will decrease too), the probability of observing the waves will be increased (i.e., as one approaches the wave period regime where the waves are achieving maximum amplitudes), so that there will be times when waves are being observed which have associated with them values of r/ which have been modified by dissipation.
The inclusion of dissipation in the gravity wave dynamics effectively places a strong horizontal wavelength dependence on r/ which does not exist in the dissipationless theory. This may have implications regarding comparisons made between observation and theory and will mean that at times the horizontal wavelengths of the waves will need to be known. Work exploring the dependence of r/ on horizontal wavelength can be found in the paper by Hickey [1988] .
